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(54) Liquid crystal display panel 

(57) Scanning signal lines and video signal lines are 
provided in a matrix on the surface of one of a pair of 
glass substrates between which liquid crystal is filled. In 
each pixel area, thin film transistor is provided corre- 
sponding to each of cross points of the scanning signal 
lines and video signal lines. A reference signal line is 
provided across adjacent pixel areas, and reference 
electrodes are provided on one side of the reference 
signal line and extend in a comb-like form into each 
pixel area. A display electrode having a comb-like 
shape is provided such that it meshes with the refer- 
ence electrodes. A light interception layer 111 having a 
width greater than that of display electrode and refer- 
ence electrode is formed so as to overlap both of the 
electrode with an insulation film being interposed there- 
between. Leakage of light from around sides of the dis- 
play electrode and reference electrode is prevented 
even if liquid crystal molecules are inclined by an elec- 
tric field produced by a voltage applied between the dis- 
play electrode and reference electrode. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: s 

[0001] This invention relates to a liquid crystal display 
panel and a liquid crystal display device which include a 
pixel area having a display electrode and a reference 
electrode to modulate light passing through a liquid 10 
crystal layer filled between substrates by application of 
a voltage between the display electrode and the refer- 
ence electrode. 

2. Description of the Related Art: is 

[0002] Conventionally, a liquid crystal display device 
provided with a liquid crystal display panel of the active 
matrix type which employs an active element such as a 
thin film transistor has come into use as a display termi- 20 
nal such as an office automation equipment owing to its 
advantages that it is small in thickness and light in 
weight and that it displays an image of a high picture 
quality 

[0003] As a liquid crystal display panels of the active 25 
matrix type, a display system, such as TV, having a 
characteristic of such a wide angle of visibility that it can 
be viewed by a large number of people, that is, a display 
system of the transverse field type, is known, in which, 
as described in Japanese Patent Laid-open No. 30 
505247/1993 and Japanese Patent Publication No. 
21907/1968, an electric field is formed between a dis- 
play electrode and a reference electrode, formed on one 
of opposed substrates, in a direction parallel to the sub- 
strates to actuate a liquid crystal filled between the sub- 35 
strates. thereby modulating and displaying the light 
entering the liquid crystal from a gap between the dis- 
play electrode and the reference electrode. 
[0004] However, in the conventional liquid display 
panel of the horizontal field type disclosed in Japanese 40 
Patent Laid-Open No. 505247/1993 or Japanese Patent 
Publication No. 21907/1988, in addition to an electric 
field which is produced in a horizontal direction substan- 
tially parallel to the substrates, a vertical electric field 
also is produced in the proximity of side edges of the 45 
display electrode and reference electrode. Therefore, 
the directions of the major axes of molecules of the liq- 
uid crystal which originally extend substantially parallel 
to the substrates are inclined with respect to the sub- 
strates. Consequently, leakage of light occurs at or 50 
around the side edges of the display electrode and ref- 
erence electrode, and this deteriorates the contrast. 
Further, as the major axes of the liquid crystal mole- 
cules are inclined, when the electric field disappears, 
returning of liquid crystal molecules to their original 55 
directions is so retarded that a problem of an afterimage 
phenomenon is produced. 



SUMMARY OF THE INVENTION 

[0005] The present invention has been made in view 
of such a situation as described above, and it is an 
object of the present invention to provide a liquid crystal 
display panel and a liquid crystal display device which 
prevent leakage of light in the proximity of side edges of 
a display electrode and a reference electrode. 
[0006] In order to attain the object described above, 
according to an aspect of the present invention, there is 
-provided a liquid crystal display panel, comprising a pair 
of substrates having a light transmission property, a liq- 
uid crystal layer filled between the pair of substrates, a 
pixel area including a display electrode and a reference 
electrode provided on one of the opposing surfaces of 
the pair of substrates for producing an electric field sub- 
stantially parallel to the pair of substrates in the liquid 
crystal layer by a voltage applied between the display 
electrode and the reference electrode to modulate light 
which passes through the liquid crystal layer, and a light 
interception layer provided on one of the opposing sur- 
faces of the pair of substrates and positioned nearer to 
one of the opposing surfaces than the display electrode 
and reference electrode to intercept the light which 
passes between the display panel and the reference 
electrode. 

[0007] According to another aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein the light interception layer is stacked on the dis- 
play electrode and the reference electrode, with its 
width being greater than that of the display electrode 
and the reference electrode. 

[0008] According to a further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein the display electrode and the reference elec- 
trode are formed substantially linearly, and the light 
interception layer is formed substantially linearly in par- 
allel to the display electrode and the reference elec- 
trode. 

[0009] According to a still further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein the light interception layer is formed by printing. 
[001 0] According to a yet further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein the light interception layer is formed from a 
material composed mainly of organic substances by 
printing. 

[001 1 ] According to a yet further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein the light interception layer is stacked on the dis- 
play electrode and reference electrode with its width 
being greater than that of the display electrode and ref- 
erence electrode by 2-4 jxm. 

[001 2] According to a yet further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein an orientated film is stacked on each of the pair 
of substrates so that the orientation directions of the 
major axes of liquid crystal molecules forming the liquid 
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crystal is substantially parallel to each other on the 
interfaces f the pair of substrates and oriented at an 
angle of approximately 85 degrees with respect to the 
direction of the electric field produced by the voltage 
applied between the display electrode and the reference 5 
electrode. 

[001 3] According to a yet further aspect of the present 
invention, there is provided a liquid crystal display panel 
wherein a polarizing plate is formed on each of the pair 
of substrates, and one of the polarizing plates is set 10 
such that the direction of light which passes through the 
polarizing plate is oriented at an angle of approximately 
85 degrees with respect to the direction of the electric 
field produced by the voltage applied between the dis- 
play electrode and the reference electrode, while the 15 
other polarizing plate is set such that the direction of 
light which passes through the other polarizing plate is 
substantially perpendicular to the direction of the light 
which passes through said one polarizing plate. 
[001 4] According to a yet further aspect of the present 20 
invention, there is provided a liquid crystal display panel 
wherein the distance between the pair of substrates is 
approximately 4.1 

[001 5] According to a yet further aspect of the present 
invention, there is provided a liquid crystal display 25 
device, comprising any liquid crystal display panel 
described above, and an image processing device for 
suitably applying a voltage between the display elec- 
trode and the reference electrode of the liquid crystal 
display panel. 30 
[0016] The above and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following description referring to the 
accompanying drawings which illustrate an example of 
a preferred embodiment of the present invention. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

40 

Fig. 1 is a plan view of a pixel area of one of two 

substrates showing a liquid crystal display panel of 

an embodiment of the present invention; 

Fig. 2 is a plan view showing a relationship between 

a light interception film on the other substrate side 45 

of the liquid crystal display panel of Fig. 1 and the 

pixel area of the one substrate; 

Fig. 3 is a sectional view taken along line A- A of Fig. 

1; 

Fig. 4 is a sectional view taken along line B-B of Fig. so 
1; 

Fig. 5 is a diagrammatic view showing angles of a 
rubbing direction and a polarizing film transmission 
axis with respect to the direction of an electric field; 
Fig. 6 is a block diagram showing a liquid crystal 55 
display device including the liquid crystal display 
panel; and 

Fig. 7 is a plan view of a pixel area of one of two 



substrates showing a liquid crystal display panel of 
another embodiment of th present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Embodiments of the present invention are 
described below with reference to the drawings. 
[0019] Fig. 1 is a plan view of a pixel area of one of two 
substrates showing a liquid crystal display panel of an 
embodiment of the present invention; Fig. 2 is a plan 
view showing a relationship between a light interception 
plate on the other substrate side of the liquid crystal dis- 
play panel of Fig. 1 and a pixel area of said one sub- 
strate; Fig. 3 is a sectional view taken along line A-A of 
Pig 1 ; Fig- 4 is a sectional view taken along line B-B of 
Fig. 1 ; Fig. 5 is a diagrammatic view showing angles of 
a rubbing direction and a polarizing plate transmission 
axis with respect to the direction of an electric field; and 
Fig. 6 is a block diagram showing a liquid crystal cfisplay 
device including the liquid crystal display panel. 
[0020] Referring to Figs. 1 to 4, reference numeral 400 
denotes a liquid crystal display panel. This liquid crystal 
display panel 400 includes a pair of transparent glass 
substrates 101 , 201 as substrates each of which has a 
thickness of, for example, approximately 1.1 mm and 
has polished surfaces and a light transmission property. 
A plurality of elongated belt-like scanning signal lines 
102 are provided substantially parallelly on one of the 
surfaces of the glass substrate 101 and a plurality of 
elongated belt-tike video signal lines 103 are provided 
substantially parallel by and perpendicularly to the 
scanning signal lines 102 such that a plurality of pixel 
areas are provided in a matrix pattern. 
[0021] In each pixel area, a thin film transistor (TFT) 
106, as an active element, is provided corresponding to 
each intersection of the scanning signal lines 102 and 
video signal lines 103. Elongated belt-like reference sig- 
nal lines 1 09 are provided on one surface of the glass 
substrate 101 and extend across adjacent pixel areas. 
Reference electrodes 105 are formed from a longitudi- 
nal edge of a reference signal line 109 so as to extend 
in the form of a comb into adjacent pixel areas. Further, 
a display electrode 1 04 is provided in each pixel area. 
The display electrode 104 is formed into a comb-like 
shape in such a manner as to mesh with reference elec- 
trodes 105, and a voltage is applied to display electrode 
104 through thin film transistor 106. Display electrode 
104 and reference electrode 105 have substantially 
equal widths. 

[0022] On one surface of glass substrate 101, light 
interception layer 1 1 1 is formed so as to overlap display 
electrode 104 and reference electrode 105 with insula- 
tion film 112 being interposed therebetween, for exam- 
ple, by a printing method wherein light interception layer 
111 is formed by direct printing into a predetermined 
pattern using a material consisting principally of an 
organic substance. Light interception layer 111 has a 
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width greater than that of display electrode 104 and ref- 
erence electrode 105 preferably by 2-4 jim. 
[0023] Furth r, orientation film 120 formed into a thin 
film from a polyimide or the like material and having a 
surface processed by rubbing is provided on the outer- 
most surface on one side of glass substrate 101 . Polar- 
izing plate 130 is provided on a surface of glass 
substrate 101 opposite to the surface on which the pixel 
areas are provided to form a bottom side substrate 100. 
[0024] On the other hand, as illustrated in Fig. 2. light 
interception layer 202 is provided on one side of the 
other glass substrate 201. Light interception layer 202 
has an opening formed by cutting off a portion thereof 
corresponding to each pixel area of glass substrate 101 , 
so that layer 202 has a window opened corresponding 
to each pixel area. Colored layer 203 of the three pri- 
mary colors serving as a color filter is formed on the sur- 
face of light interception layer 202. Flattening film 204 of 
a transparent resin material is formed on the surface of 
colored layer 203. Further, orientated film 220, in the 
form of a thin film, formed from polyimide or the like and 
having a surface processed by rubbing is provided on 
the surface of flattening film 204. Polarizing plate 230 is 
provided on the surface of glass substrate 201 opposite 
to orientatied film 220, thereby forming a top side sub- 
strate 200. 

[0025] Bottom side substrate 100 and top side sub- 
strate 200 are disposed so that the opposed surfaces 
thereof, on which orientation films 120, 220 are pro- 
vided, respectively, are spaced apart by a gap d of. for 
example, approximately 4. 1 um. A nematic liquid crystal 
substance 300, liquid crystal, is filled into gap d and 
forms a liquid crystal display panel 400. 
[0026] Rubbing processing of orientated films 120, 
220 is performed in such a manner that, as shown in 
Figs. 3 and 5, the rubbing directions being major axis 
orientation directions 208 of liquid crystal molecules 
301 constituting a nematic liquid crystal composition 
300 are approximately parallel on the interface between 
glass substrates 101, 201 and are oriented at an angle 
4> 2n of approximately 85 degrees with respect to the 
direction of an applied electric field. 
[0027] For nematic liquid crystal composition 300, a 
nematic liquid crystal composition whose dielectric ani- 
sotropy Ac is plus 7.3 (1 KHz) and whose refraction fac- 
tor anisotropy An is 0.073 (589nm, 20°C) is used. It is to 
be noted that refraction factor anisotropy An is deter- 
mined based on gap d between substrate 100 and sub- 
strate 200 using the following equation: 

T = sin 2 (PI And/Ji) 



(2 represents square, X wavelength, and T trans- 
mittance) 

whereby a maximum transmission factor may be 
obtained. 

[0028] Further, as shown in Fig. 5., polarizing plates 



130, 230 are set such that polarizing layer transmission 
axis 209 which is the direction of light passing through 
one of the layers 120, 220, is oriented at an angle sub- 
stantially equal to rubbing direction 208 of orientated 

5 films 120, 220, or in other words, angle <t> P formed 
between polarizing plate transmission axis 209 and the 
direction of an applied electric field is approximately 85 
degrees and polarizing plate transmission axis 209 of 
the other layer is approximately perpendicular to polar- 

10 izing plate transmission axis 209 of the one of the layers 
120, 220. 

[0029] Next, the construction of a liquid crystal display 
device which includes the liquid crystal display panel as 
described above is described with reference to Fig. 6. 

is [0030] Vertical scanning circuit 403 for successively 
supplying scanning signals to a plurality of scanning sig- 
nal lines 102 is connected to liquid crystal display panel 
400. Further, video signal drive circuit 404 for supplying 
voltages of a video signal to video signal lines 103 cor- 

20 responding to the timings of voltages of scanning sig- 
nals successively supplied to scanning signal lines 102 
from vertical scanning circuit 403 is connected to liquid 
crystal display panel 400. 

[0031 ] To vertical scanning circuit 403 and video sig- 
25 nal drive circuit 404, (quid crystal driving power supply 
circuit 402 for supplying a voltage is connected and at 
the same time controller 401 which receives image 
information from CPU to separately output display data 
and control signals is connected, thereby forming the 
30 liquid crystal display device. It is to be noted that liquid 
crystal driving power supply circuit 402 also is con- 
nected to reference signal lines 109 to apply a voltage to 
reference signal lines 109. 

[0032] Operations of the liquid crystal display device 

35 will be described below. 

[0033] Glass substrate 101, on which display elec- 
trodes 104, reference electrodes 105. scanning signal 
lines 102, video signal lines 103, thin film transistors 
106 and light interception layer 111 are formed 

40 beforhand in layers with insulation films 108, 1 12 being 
interposed therein to provide the pixel areas and orien- 
tation film 120 and glass substrate 201, on which light 
interception plate 202, colored layer 203, flattening film 
204 and orientated film 220 are formed in layers, are 

45 disposed in opposition to each other with a gap of a pre- 
determined dimension being formed therebetween so 
that orientation films 120, 220 are opposed to each 
other and spherical polymer beads are held in a dis- 
persed condition between glass substrates 101, 201. 

so Then, nematic liquid crystal substance 300 is filled into 
between the opposing surfaces of glass substrates 101 , 
201 so as to provrd a gap d of approximately 4.1 pm, 
and the pair of glass substrates 101, 201 between 
which nematic liquid crystal substance 300 is filled are 

55 held between two polarizing plates 1 30, 230 to form liq- 
uid crystal display panel 400. 

[0034] Next, the function of the embodiment will be 
described. 
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[0035] When a voltage is applied between display 
electrode 104 and reference electrode 105, a horizontal 
electric field substantially parallel to glass substrate 101 
is produced and also a vertical electric field is produced 
as seen in Fig. 3. whereby directions of the major axes 5 
of liquid crystal molecules 302, which should be ori- 
ented in parallel to glass substrate 101, are inclined 
about the side edges of display electrode 104 and refer- 
ence electrode 105 between display electrode 104 and 
reference electrode 105. 10 
[0036] Since light interception layer 111, which has a 
greater width than display electrode 104 and reference 
electrode 105 so as to overlap both of the electrodes 

104, 105, is positioned adjacent the sides of display 
electrode 104 and reference electrode 105, the light 15 
passing near the sides of display electrode 104 and ref- 
erence electrode 105 is intercepted by light interception 
layer 111. Therefore, leakage of light from the sides of 
display electrode 104 and reference electrode 105 can 

be prevented. 20 
[0037] As described above, in the embodiment 
described above, since light interception layer 1 1 1 is 
provided so as to be located nearer to glass substrate 
101 than display electrode 104 and reference electrode 

105, light passing between display electrode 104 and 25 
reference electrode 105 is intercepted. Consequently, 
even if a horizontal electric field nearly parallel to glass 
substrate 101 is produced and a vertical electric field is 
produced as seen in Fig. 3 by a voltage applied between 
display electrode 104 and reference electrode 105 to 30 
cause the major axis directions of liquid crystal mole- 
cules 302, which should be oriented in parallel to glass 
substrate 101. to be inclined around the side edges of 
display electrode 104 and reference electrode 105 
between display electrode 104 and reference electrode 35 
105, light is intercepted by light interception layer 111. 

As a result leakage of light can be prevented and dete- 
rioration of.contrast can be prevented. Further, an after- 
image phenomenon which arises from a delay of 
returning of liquid crystal molecules 30 from their 40 
inclined positions when the electric field is turned off 
can be prevented. 

[0038] Further, since light interception layer 1 1 1 is 
formed so as to have a greater width than that of display 
electrode 104 and reference electrode 105, leakage of 45 
light can be prevented using a simple structure. 
[0039] Furthermore, since light interception layer 1 1 1 
is formed so as to have a width greater than display 
electrode 104 and reference electrode 105 by 2-4 fim, 
leakage of light can be prevented with certainty without so 
increasing the area of a pixel area. 
[0040] Further, since light interception layer 1 1 1 is 
formed by a simple printing method, the productivity can 
be enhanced and the production cost can be reduced. 
[0041] Furthermore, since light interception layer 111 55 
is formed by a printing method from a material compris- 
ing an organic substance, as principal component, light 
interception layer 111 can be directly formed by printing 



using a predetermined pattern, and a pattern of light 
interception layer 111 can b formed only by a printing 
step, and hence the productivity can be enhanced and 
the production cost can be reduced. 
[0042] On the other hand, since orientated films 120. 
220 to be formed in layers on glass substrates 101, 201 
are set in such a manner that rubbing directions which 
are the orientation directions 208 of major axes of liquid 
crystal molecules 301 are substantially parallel to each 
other on the interfaces of glass substrates 1 01 , 201 and 
are oriented at an angle 4> 2n of approximately 85 
degrees with respect to the direction of an electric field 
created by a voltage applied between display electrode 
104 and reference electrode 105, the directions 208 are 
inclined by 5 degrees from a direction perpendicular to 
the direction of the electric field so that directions, to 
which liquid crystal molecules 301 are turned, are deter- 
mined. Further, since a maximum transmission factor is 
obtained when liquid crystal molecules 301 are turned 
by 45 degrees, they can be rotated up to 45 degrees. 
[0043] Furthermore, since polarizing plates 130. 230 
formed in layers on glass substrates 101, 201 are set in 
such a manner that polarizing plate transmission axis 
209 being the directions of light passing through one of 
glass substrates 101, 201 is substantially equal to the 
rubbing direction, that is, polarizing plate transmission 
axis 209 is oriented at an angle $ P of approximately 85 
degrees with respect to the direction of an electric field 
produced by a voltage applied between display elec- 
trode 104 and reference electrode 105 and polarizing 
plate transmission axis 209 of the other glass sub- 
strates 101, 201 extends perpendicularly to polarizing 
plate transmission axis 209 of one of glass substrates 
101, 201, when the electric field is turned off, light is 
intercepted surely by the other one of glass substrates 
101, 201 which has polarizing plate transmission axis 
209 perpendicular to the rubbing direction, thereby dis- 
playing black, but when the electric field is turned on, liq- 
uid crystal molecules 301 are turned so that the liquid 
crystal axis approaches the polarizing plate transmis- 
sion axis 209 of the other one of glass substrates 101. 
201 . Consequently, light passes surely through the liq- 
uid crystal, thereby displaying white. As a result the 
contrast between white and black display is enhanced. 
[0044] Further, since the distance between glass sub- 
strates 101 , 201 is set to 4.1 urn. the productivity can be 
enhanced and the production, cost can be reduced. 
[0045] Next, another embodiment is described with 
reference to FIG. 7 

[0046] In the embodiment shown in FIG. 7. light inter- 
ception layer 111, which is described with reference to 
Figs. 1 to 6, is formed so as to extend linearly in the 
direction of columns across adjacent pixel areas. 
[0047] According to the structure shown in FIG. 7, the 
structure of light interception layer 1 1 1 can be simplified 
and can be formed without using a photoresist step. 
Consequently, the degree of freedom in selection of a 
manufacture process can be increased and the produc- 
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tivity can be enhanced. 

[0048] White liquid crystal display panel 400 of the so- 
called horizontal field type is described in the embodi- 
ments as described above, the present invention can be 
applied also to any other liquid crystal display panel, s 
And by applying the present invention, as in the embod- 
iments described above, to a liquid crystal display panel 
of the horizontal field type, wherein the liquid crystal is 
operated by an electric field substantially parallel to 
glass substrates 101, 201 and liquid crystal molecules 10 
302, which should originally be oriented in parallel to 
glass substrates 101, 201, are inclined by an electric 
field produced also in a vertical direction, and hence 
leakage of light occurs, the leakage of light can be pre- 
vented significantly. is 
[0049] Gap d between glass substrates 101 , 201 can 
be set to any dimension in view of the productivity, size, 
weight, cost and so forth. 

[0050] Further, the rubbing processing of orientation 
films 120, 220 and setting of directions of polarizing so 
plate transmission axes 209 of polarizing plates 130. 
230 are not limited to those of the embodiments 
described above. 

[0051] Furthermore, while it is described that a mate- 
rial whose principal component is an organic substance 25 
is used to form light interception layer 1 1 1 by printing, 
light interception layer 111 may be formed alternatively, 
for example, by forming a metal film over the entire sur- 
face of glass substrate 101 , printing a light interception 
layer pattern with a resist, removing unnecessary part 30 
of the metal fflm by etching and removing the resist- 
According to this method, a photoresist step is not 
required, so that the productivity can be improved and 
production cost can be reduced. 

[0052] Light interception layer 111 may be made of 35 
any other material such as an organic material or an 
inorganic material. 

[0053] According to the present invention, since a light 
interception layer is provided such that it is positioned 
adjacent a substrate with respect to a display electrode 40 
and a reference electrode so that it may intercept light 
which passes around the display electrode and the ref- 
erence electrode, even rf liquid crystal molecules 
present around side edges of the display electrode and 
the reference electrode between the display electrode 45 
and the reference electrode are inclined by a voltage 
applied between the display electrode and the reference 
electrode, leakage of light can be prevented by a light 
intercepting action of the light interception plate. Conse- 
quently, an incomplete contrast can be prevented and so 
an afterimage phenomenon which arises from a delay 
of returning of the liquid crystal molecules from their 
inclined positions when the electric field disappears can 
be prevented. 

[0054] Further, since the light interception layer is ss 
formed in an overlapping with the display electrode and 
the reference electrode and has a greater width than 
that of the display electrode and the reference elec- 



trode, leakage of light can be prevented by a simple 
structure. 

[0055] Furthermore, since the light interception layer 
has a width greater than that of the display electrode 
and the reference electrode by 2-4 jim, leakage of light 
can be prevented while increase in size of pixel areas 
due to increased width can be prevented. 
[0056] Further, since the light interception layer is 
formed by printing which provides a simple manufactur- 
ing process, the productivity can be enhanced and the 
production cost can be reduced. 
[0057] Furthermore, since a material whose principal 
component is an organic substance is employed, the 
light interception layer can be directly formed by printing 
it into a predetermined pattern, and the productivity can 
be enhanced and the production cost can be reduced. 
[0058] Further, since the distance between the pair of 
glass substrates is set to 4. 1 fim, the manufacture proc- 
ess is simple, and the productivity can be improved and 
the production cost can be reduced. 
[0059] And since oriented films to be formed in layers 
on glass substrates are set in such a manner that rub- 
bing directions which are the orientation directions of 
major axes of the liquid crystal molecules are substan- 
tially parallel to each other on the interfaces of glass 
substrates and oriented at an angle of approximately 85 
degrees with respect to the direction of an electric field 
created by a voltage applied between the display elec- 
trode and the reference electrode, the directions 208 
are inclined by 5 degrees from a direction perpendicular 
to the direction of the electric field so that directions to 
which the liquid crystal molecules are turned are deter- 
mined. Further, since a maximum transmission factor is 
obtained when liquid crystal molecules are turned by 45 
degrees, the molecules can be turned up to 45 degees. 
[0060] Furthermore, since polarizing plates formed in 
layers on glass substrates are set in such a manner that 
polarizing plate transmission axis being the directions of 
light passing through one of glass substrates is sub- 
stantially equal to the rubbing direction, that is, polariz- 
ing plate transmission axis is oriented at an angle of 
approximately 85 degrees with respect to the direction 
of an electric field produced by a voltage applied 
between display electrode 104 and reference electrode 
105 and polarizing plate transmission axis of the other 
one of glass substrates extends perpendicularly to 
polarizing plate transmission axis of one of glass sub- 
strates, when the electric field is turned off. light is inter- 
cepted surely by the other one of glass substrates which 
has polarizing plate transmission axis perpendicular to 
the rubbing direction, thereby displaying black, but when 
the electric field is turned on, liquid crystal molecules 
are turned so that the liquid crystal axis approaches the 
polarizing plate transmission axis of the other one of 
glass substrates. Consequently, light passes surely 
through the liquid crystal, thereby displaying white. As a 
result, the contrast between white and black can be 
enhanced. 
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[0061] Further, according to a liquid crystal display 
device which includ s a liquid crystal display panel 
which can prevent leakage of light therefrom and an 
image processing device for suitably applying a voltage 
between a display electrode and a reference electrode, 5 
an incomplete contrast can be prevented by the preven- 
tion of leakage of light and a good liquid crystal display 
can be provided. 

Claims 10 

1 . A liquid crystal display panel, comprising: 

a pair of substrates having a light transmission 
property; 15 
a liquid crystal layer comprising a liquid crystal 
filled into between said pair of substrates; 
a pixel area including a display electrode and a 
reference electrode provided on one of the 
opposed surfaces of said pair of substrates for 20 
producing in said liquid crystal layer an electric 
field substantially parallel to said pair of sub- 
strates by a voltage applied between said dis- 
play electrode and said reference electrode to 
modulate the light passing through said liquid 25 
crystal layer; and 

a light interception layer disposed on said one 
of the opposed surfaces of said pair of sub- 
strates so as to be located nearer to said one of 
the opposed surfaces than said display elec- 30 
trode and reference electrode to intercept the 
light passing through between said display 
panel and reference electrode. 



referenc electrode by 2-4 ^m. 

7. The liquid crystal display panel as claimed in claim 
1 , wherein an orientation film is formed n each of 
said pair of substrates and is set so that the orien- 
tation directions of the major axes of liquid crystal 
molecules constituting liquid crystal are substan- 
tially parallel to each other on the interfaces of said 
pair of substrates and oriented at an angle of 
approximately 85 degrees with respect to the direc- 
tion of an electric field produced by the voltage 
applied between said display electrode and said 
reference electrode. 

8. The liquid crystal display panel as claimed in claim 
1, wherein a polarizing plate is formed on each of 
said pair of substrates, and one of the polarizing 
plates is set so that the direction of light passing 
through the polarizing plate is oriented at an angle 
of approximately 85 degrees with respect to the 
direction of an electric field produced by the voltage 
applied between said display electrode and said 
reference electrode, while the other polarizing plate 
is set so that the direction of light passing through 
the other polarizing plate is substantially perpendic- 
ular to the direction of the light passing through said 
one of the polarizing plates. 

9. A liquid crystal display panel as claimed in claim 1 , 
wherein the distance between said pair of sub- 
strates is approximately 4.1 jim. 

1 0. A liquid crystal display device, comprising: 



2. The liquid crystal display panel as claimed in claim 35 
1 , wherein said light interception layer has a width 
larger than that of said display electrode and refer- 
ence electrode so as to overlap both the electrodes. 

3. The liquid crystal display panel as claimed in claim 40 
1, wherein said display electrode and reference 
electrode are formed substantially linearly and said 
light interception layer is formed substantially line- 
arly in parallel to said display electrode and refer- 
ence electrode. 45 



a liquid crystal display panel as claimed in 
claim 1 ; and 

an image processing device for suitably apply- 
ing a voltage between a display electrode and a 
reference electrode of said liquid crystal dis- 
play panel. 



4. The liquid crystal display panel as claimed in claim 
1 , wherein said light interception layer is formed by 
printing. 

so 

5. The liquid crystal display panel as claimed in claim 
1, wherein said light interception layer comprises 
an organic substance, as a principal component 
and is formed by painting. 

55 

6. The liquid crystal display panel as claimed in claim 
1 , wherein said light interception layer has a width 
greater than that of said display electrod and said 
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Fig. 6 
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